Introduction
Renal cell carcinoma (RCC) is the most lethal of the common urologic cancers, accounting for approximately 3% of all adult malignancies (Lam et al., 2005) . The major type of RCC, clear cell renal cell carcinoma (ccRCC), represents 75% of all kidney tumors (Cohen and McGovern, 2005) . RCC is one of the most challenging malignancies because of its resistance to cytotoxic chemotherapeutic agents and radiation therapy (D'Hondt et al., 2005) . Recent investigations have been focused on the molecular mechanisms of potential targets such as von HippelLindau protein and hypoxia-inducible factors (HIFs) and their roles in oncogenesis and progression of RCC (Bratslavsky et al., 2007; Klatte et al., 2007; Rathmell and Chen, 2008) . Despite these efforts, the precise molecular mechanisms of carcinogenesis, progression and metastasis of RCC remain largely unknown.
The C-terminal Src kinase (Csk)-binding protein (Cbp), also known as PAG for phosphoprotein associated with glycosphingolipid-enriched microdomains, is a ubiquitously expressed transmembrane adaptor protein anchored in lipid rafts (Brdicka et al., 2000; Kawabuchi et al., 2000) . Like other adaptor proteins, human Cbp has multiple protein-protein interacting motifs including 2 proline-rich domains, 10 putative phosphorylatable tyrosines and 1 PDZ (PSD95, DLG and ZO-1) domain-binding motif at the extreme carboxyl terminus (Brdicka et al., 2000; Kawabuchi et al., 2000) . Previous studies reported that Cbp was involved in the regulation of Src family kinases (SFKs). SFKs phosphorylate multiple tyrosines of human Cbp including tyrosine 317, which recruits Csk, a negative regulator of SFKs, from the cytosol into lipid rafts where SFKs are localized, resulting in the inhibition of SFKs activation (Brdicka et al., 2000; Kawabuchi et al., 2000) . This negative regulatory mechanism has been found in several systems, including T-cell activation, cell adhesion, spreading processes and growth factor signaling (Kawabuchi et al., 2000; Torgersen et al., 2001; Davidson et al., 2003; Shima et al., 2003; Matsuoka et al., 2004; Zhang et al., 2004) . Besides recruiting Csk, Cbp also regulates SFKs activation by interacting directly with SFKs, such as Fyn and Lyn (Ingley et al., 2006; Davidson et al., 2007; Solheim et al., 2008) . For Fyn, interaction with Cbp made it insensitive to Csk negative regulation and thus maintained its activity (Solheim et al., 2008) . These studies indicate that Cbp both negatively and positively regulates SFKs.
Besides the classical SFKs activities regulation, Cbp is implicated in some other pathways as yeast two-hybrid analysis demonstrated that Cbp binds to EBP50 (ezrin/ radixin/moesin (ERM)-binding phosphoprotein of 50 kDa), an cytosolic adaptor protein that associates with ERM proteins (Brdickova et al., 2001; Itoh et al., 2002) . Although it has been shown that Cbp negatively regulates T-cell activation by interacting with EBP50 (Itoh et al., 2002) , the precise mechanism and biological significance of this interaction in other systems remain to be clarified.
Recently, several lines of evidence have shown that Cbp is involved in cell transformation. Cbp negatively regulates epidermal growth factor (EGF)-induced NIH3T3 cell transformation by downregulating c-Src activity (Jiang et al., 2006) . The direct binding of Cbp to c-Src sequesters active c-Src in lipid rafts, inhibiting its oncogenic potential in CskÀ/À MEF cells and several colon cancer cell lines (Oneyama et al., 2008) . Theileria transformation promotes B cell proliferation by downregulating Cbp expression, thereby excluding Csk from Hck-positive microdomains (Baumgartner et al., 2003) . These data indicate that Cbp serves as a tumor suppressor for some cancer types. However, Cbp has also been implicated as a positive cancer regulator. It is reported to form a protein complex with Lyn and active Stat3 in B-non-Hodgkin lymphomas. In this example, it appears to promote the oncogenic role of Lyn, because knocking down Cbp in these tumor cells leads to cell apoptosis (Tauzin et al., 2008) . Moreover, strong expression of Cbp has also been found in a subset of lymphomas, including B-non-Hodgkin lymphomas (Svec et al., 2005; Tedoldi et al., 2006; Svec, 2007) . The reports on different Cbp functions in different tumors implicated that the role of Cbp in tumors might involve some unidentified signaling pathways, besides regulating SFKs activation.
To explore the role of Cbp in cancers, we determined the expression of Cbp in several malignant tumors including kidney carcinoma. We found that Cbp was overexpressed in 73% of RCC (in particular, in 83% ccRCC). Knockdown of Cbp in 786-0 cells resulted in remarkable impairment of tumor cell motility, transforming ability and tumorigenicity in nude mice. Our data further suggested a novel function of Cbp in regulating RhoA activation possibly via its PDZbinding motif.
Results

Cbp was overexpressed in renal cell carcinoma
To determine Cbp expression in RCC, we performed northern blot analysis on 14 pairs of RCC and their matched noncancerous tissue samples. An overexpression of Cbp was found in 71% (10/14) of tested RCC tissues ( Figure 1a ). To further verify this finding, western blot analysis was performed on another 27 pairs of RCC protein samples. Clearly, Cbp was overexpressed at protein level in 74% (20/27) of tested RCC specimens (Figure 1b) . In addition, overexpression of Cbp was also detected in three out of four human RCC lines tested here, 786-0, A498 and Caki-1, when normal human kidney tissues were used as control (Figure 1c) .
The correlation between Cbp overexpression and histological classification of kidney carcinoma was then analysed. As shown in Table 1 , Cbp overexpression was detected in 10 out of 12 cases of ccRCC, but not in other types of kidney cancers except for one sample from chromophobe RCC. Statistical analysis demonstrated that Cbp overexpression significantly correlated with ccRCC when all cases were classified into either ccRCC or non-clear cell RCC (P ¼ 0.028).
Suppressing Cbp expression inhibited cell proliferation
To investigate the function of Cbp in ccRCC, 786-0 cell line was chosen for further study due to its overexpression of Cbp. Two small interfering RNA (siRNAs: Cbp-Ri-3 and Cbp-Ri-5) targeting human Cbp were able to efficiently suppress endogenous Cbp expression in 786-0 cells (Supplementary Figure 1a) . Construct of Cbp-Ri-3 shRNA was also generated and stably transfected into 786-0 cells. Two selected transfectants, 786-0/B5 and 786-0/B6, showed about 90 and 80% inhibition of Cbp expression, respectively, whereas Cbp expression remained unaffected in vector-transfected cells (Figure 2a, right panel) .
To examine the effects of Cbp silencing on the proliferation of RCC cells, we monitored cell proliferation of the two transfectants using MTT assay and Brdu 
Silencing of Cbp inhibited the motility and invasiveness of RCC cells
To explore the involvement of Cbp in cell motility, wound-healing assay was performed. As shown in Figure 3a , wound-healing process was remarkably inhibited in 786-0/B5 and 786-0/B6 when compared to their control cells. Then, transwell assays were carried out in these cells to quantitatively determine the effect of Cbp on cell migration. As shown in Figure 3b , similar numbers of wild-type and vector-transfected cells migrated to the lower face of the transwell membrane (786-0: 170±27; 786-0/U6: 177±8), whereas the Cbp knockdown cells exhibited a strongly inhibited motility, with only 42 and 21% cells migrating (786-0/B5: 74 ± 17; 786-0/B6: 37±22). Transient transfection with Cbp-Ri-3 or Cbp-Ri-5 siRNAs resulted in a similar effect (Supplementary Figure 1c) .
We also investigated whether Cbp affected the invasive ability of RCC cells. In vitro invasion assay was performed in chambers with the upper wells coated with Matrigel to mimic the extracellular matrix. In sharp contrast to control cells, Cbp knockdown cells showed dramatically reduced invasive ability (Figure 3c ). The number of invaded 786-0/B5 and B6 cells was 33% and 42% of that of the control cells, respectively (786-0: 83 ± 7; 786-0/U6: 107 ± 33; 786-0/B5: 27 ± 3; 786-0/B6: 35±12).
To exclude the possibility that the above inhibitory effects were off-target effects of the shRNA, scrambled Cbp shRNA was used as an additional control. We did not observed any differences regarding Cbp expression, cell shape, rates of cell proliferation and migration between parental 786-0, 786-0/U6 (empty vector control) and 786-0/3-neg (scrambled Cbp shRNA control) cells (Supplementary Figure 2 and data not shown).
Depletion of Cbp suppressed tumorigenicity of RCC cells in nude mice
To substantiate the role of Cbp in RCC cell malignancy, soft agar assay was employed. As shown in Figure 4a , the anchorage-independent growth was almost depleted in Cbp knockdown cells. Only few small pinpoint colonies consisting of two or three cells were formed. Cbp knockdown caused alterations in cell shape and F-actin cytoskeleton While generating the transfectants, we noticed that the cell shape of Cbp knockdown cells was dramatically changed. The parental and vector-transfected cells showed typical cobblestone epithelial-like or keratocyte-like cell morphology with apparent large lamelli- Involvement of Cbp in renal cell carcinogenesis X Feng et al podia, whereas the cell body of Cbp-knockdown cells was thinner and longer with small lamellipodia. Multiple long cell processes branched from Cbp knockdown cells, extending for 3-6 times the body length (Figure 5a , arrow). Furthermore, phalloidin staining revealed that 786-0/B5 and 786-0/B6 cells bore a few short, smeared, thin stress fibers, whereas control cells had long and clear F-actin bundles parallel to the long axis of the cell (Figure 5b ), indicating that the morphological changes of the cells might be associated with disorganization of the actin cytoskeleton caused by Cbp knockdown. The mean fluorescence intensity (MFI) analysis confirmed that the amount of F-actin in Cbp knockdown cells was significantly decreased compared with that of control cells (Figure 5c ).
The effects of Cbp knockdown on the activation of c-Src, MAPK and Akt
To explore the working mechanism of Cbp in RCC cells, we examined the activities of several important signaling transducers including c-Src, Akt and Erk1/2 in the steady state. To our surprise, we did not observe obvious alteration of c-Src, Akt and Erk1/2 activities either in 786-0/B5 and 786-0/B6 cells, or in the cells transiently transfected with the siRNAs (Supplementary  Figures 3a, b and c and data not shown). We then investigated the serum-induced activation of those kinases in RCC cells. Although compared to control cells, an increase of c-Src kinase activity (indicated by pY 416 of c-Src) at basal level was observed in the Cbp-knockdown cells, the kinetics and intensity of (Figure 6a ). In contrast to c-Src, the duration of Erk1/ 2 activation was notably shortened though its maximum activation achieved at 10 min serum stimulation was not affected by Cbp knockdown (Figure 6b ). Silencing of Cbp had no effect on serum-induced Akt activation (Figure 6c ).
Depletion of Cbp led to a reduction of RhoA activation As small Rho GTPases are essential for the regulation of cell morphology and actin cytoskeleton, we examined whether RhoA, Cdc42 and Rac1 might be involved in Cbp knockdown-induced morphological changes. Interestingly, we found that RhoA activation was significantly suppressed in 786-0/B5 and B6 cells (Figure 7a ), whereas the activation of Cdc42 and Rac1 remained unchanged (Supplementary Figure 4) . Negative effect of Cbp downregulation on RhoA activation could also be observed in cells transiently transfected with the siRNAs (Figure 7b ). These suggested a role of Cbp in regulating RhoA activation.
The PDZ-binding motif of Cbp may mediate the regulation of RhoA activation Cbp is known to interact via its C-terminal PDZbinding motif with EBP50, which in turn binds to ERM family (Brdickova et al., 2001; Itoh et al., 2002) . ERM proteins have been implicated in the regulation of cytoskeleton organization and Rho GTPases activation (Bretscher, 1999; D'Angelo et al., 2007; Niggli and Rossy, 2008) . Indeed, the interaction between Cbp and EBP50 was detected in 786-0 cells (Supplementary Figure 5a) . To test whether the PDZ-binding motif of Cbp plays a role in RhoA activation, Cbp/DCP, a mutant lacking its C-terminal PDZ-binding motif, was constructed. This mutant failed to interact with EBP50 (Supplementary Figure 5b) . As expected, overexpression of Cbp/WT, but not Cbp/DCP, resulted in a significant increase of RhoA activation in 786-0 cells (Figure 8a ). To further study the role of PDZ-binding motif of Cbp in cell migration, Cbp/WT and Cbp/DCP were stably transfected into 786-0 cells. Expression of Cbp/WT, but not Cbp/DCP, could significantly enhance 786-0 cells migration (Figures 8b and c) .
Discussion
Cbp belongs to a protein family named TRAPs (transmembrane adaptor proteins). One of the characteristics of Cbp that distinguishes it from other TRAP members is its ubiquitous expression rather than restricted expression in lymphoid cells (Lindquist et al., 2003) . In this study, we found that Cbp was overexpressed in RCC, particularly in ccRCC. Knockdown of Cbp expression strongly inhibited transforming ability and tumorigenicity of RCC cells in nude mice. 
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These data indicated the diagnostic and therapeutic value of Cbp for RCC.
Involvement of Cbp in cancers has been recently concerned. High expression of Cbp has been seen in follicle-center-derived lymphoma and some diffuse large B-cell lymphomas, where it appears to promote the oncogenic role of Lyn (Tauzin et al., 2008) . A human protein atlas for normal and cancer tissues based on antibody proteomics was newly developed (Uhlen et al., 2005; Mathivanan et al., 2008 ; http://www.proteinatlas. org/). This database revealed an overexpression of Cbp in kidney cancer and some lymphoma, but not in other tested cancer tissues. Consistent with this, a recently published paper has reported that Cbp expression is downregulated in some colon cancers (Oneyama et al., 2008) . These data matched well with our results. Among the three cancer types we checked in this study, only RCC exhibited overexpression of Cbp. In non-small cell lung cancer, Cbp was downregulated, and in hepatocellular carcinoma, Cbp expression varied rather randomly (Supplementary Figure 6) . These data suggest that overexpression of Cbp is not a universal phenomenon observed in cancers. An interesting hypothesis would be that Cbp plays diverse roles in different types of tumors depending on its expression level.
Previous studies have shown the negative regulation of SFKs by Cbp in breast cancer cells and colon cancer cells where Cbp expression was reduced (Jiang et al., 2006; Oneyama et al., 2008 ). Yet, in our study, no effect of Cbp depletion on serum-induced c-Src activation was observed up to 60 min of serum stimulation (Figure 6a) . Interestingly, Cbp knockdown did enhance the basal level c-Src activity (in serum starvation) indicating that the canonic Cbp function to negatively regulate c-Src activity still existed, but might not be a dominant regulatory mechanism in RCC cells cultured with serum. As serum is a mixed pool of many growth factors, its final effect on c-Src would be a balance of all the forces. Figure 3c) under normal cell culture condition. However, when we looked over time courses of Erk1/2 activation on serum stimulation, Cbp knockdown resulted in a notable acceleration of Erk1/2 inactivation, though it had no effect on the maximum intensity of Erk1/2 activation at 10-min, which might suggest that an unknown signaling mediated by Cbp influenced the sustaining of Erk1/2 activation in RCC cells. This result may partially explain the inhibited cell proliferation of Cbp knockdown cells. Obviously, the change in Erk1/2 activation alone is unlikely to account for the many functions of Cbp in RCC. We found RhoA as another potential downstream effector of Cbp. Previous studies have implicated a role of RhoA in RCC carcinogenesis. For instance, active RhoA was required for the accumulation of HIF1a, one of the most important regulators for RCC (Klatte et al., 2007) , in trophoblast (Hayashi et al., 2005) and RCC cells (Turcotte et al., 2003) under hypoxia condition. By promoting RhoA activation, overexpressed plasma membrane associated sialidase could increase RCC cell motility (Ueno et al., 2006) . Here, we found that the PDZ-binding motif of Cbp might be associated with RhoA activation. Cbp is well known to bind to EBP50 via this PDZ-binding motif (Brdickova et al., 2001; Itoh et al., 2002) . EBP50 is a cytosolic protein that links membrane proteins with ERM proteins, which directly interact with actin cytoskeletons once activated (Reczek et al., 1997; Bretscher, 1999) . Proteins complexed with ERM have been reported to be involved in the regulation of Rho GTPases. For instance, CD44 could associate with the N terminus of Radixin to remove RhoGDI from Rho complexes, therefore, enhancing RhoA activity (Takahashi et al., 1997) . Transmembrane protein Type I phosphatidylinositol 4-phosphate 5-kinase isoform-b activated RhoA through interaction with EBP50, which enabled further interactions with ERM and Rho GDI (Lacalle et al., 2007) . Based on these data and our findings, we propose that Cbp might form a protein complex with EBP50 to regulate RhoA activation via ERM proteins in RCC Involvement of Cbp in renal cell carcinogenesis X Feng et al cells. However, we could not exclude the possibility that other PDZ domain containing proteins might interact with Cbp to regulate RhoA activation. PDZ-RhoGEF and LARG (leukemia associated Rho-specific GEF), two RhoA-specific GEFs that activate RhoA through interacting with lysophosphatidic acid receptors are good candidates because they might bind Cbp via their PDZ domains (Yamada et al., 2005) . In addition, Cbp consists of multiple motifs that putatively mediate protein interactions (Brdicka et al., 2000) ; and it is extensively localized in lipid rafts, where many signaling molecules are enriched (Quest et al., 2004; Pike, 2005) . It is also possible that there are yet unidentified signaling molecules that associate with Cbp in lipid rafts, through which Cbp may regulate RhoA activation or participate into yet unknown signaling pathways to contribute to renal cell carcinogenesis. These possibilities should also be investigated.
In conclusion, we found that Cbp overexpression was associated with cancerous transformation of RCC cells. The novel function of Cbp in regulating RhoA activation sheds light on the molecular mechanism(s) of how Cbp overexpression is involved in renal cell carcinogenesis. The specific overexpression pattern of Cbp in ccRCC makes Cbp a potential biomarker for RCC diagnosis. Whether Cbp can be used as a potential therapeutic target for kidney carcinoma remains to be further investigated.
Materials and methods
Cancer specimens and cell lines Specimens of RCC and paired noncancerous tissues were obtained from 41 patients including 27 pairs of protein samples and 14 pairs of mRNA samples. All tissues were snap frozen in liquid nitrogen immediately after resection. Cell lines used in this study are kind gifts from Professor Axel Ullrich (Martinsried, Germany). All culture media were supplemented with 10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, USA); 786-0 and 769-P cells were maintained in RPMI 1640 medium (Invitrogen); A498 cells were maintained in MEM medium (Invitrogen) supplemented with nonessential amino acids. Caki-1 cells were maintained in McCoy's 5A medium (Invitrogen). All cell cultures were incubated at 37 1C in 5% CO 2 /95% air.
Silencing of Cbp by small interfering RNA Two siRNAs targeting position 269-289 (GGGACAUUCUUU CAGAGGACA; named Cbp-Ri-3) and position 1174-1194 (AAGCGAUACAGACUCUCAACA; named Cbp-Ri-5; Shima et al., 2003; Tauzin et al., 2008) of human Cbp mRNA were selected. The scrambled siRNA of Cbp-Ri-3 (3-neg) (CUAUAG GAUGAUCUGGCGAAC) was used as a negative control. The siRNAs were transiently transfected into 786-0 cells using lipofactamine 2000 (Invitrogen) according to the manufacture's instruction. Assays were performed 48 h after transfection.
Cell proliferation assay
For MTT assay, indicated cells were plated in 96-well plates at a density of 500 cells per well and were cultured for 3 days for siRNA-transfected cells or 5 days for Cbp stably transfected The cells were incubated with 20 ml 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazolium bromide (MTT; 5 mg/ml) for 3 h. The medium was then removed and the cells were incubated with 50 ml dimethyl sulfoxide (DMSO) in the dark for 30 min to dissolve violet crystals. The color intensity was quantified by measuring the absorbance at 570 nm using a microplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA). DMSO alone was used as control. For Brdu incorporation assay, cells were grown on the glass coverslips to 50% confluence. Brdu was added to a final concentration of 10 mM and cells were cultured for another 1 h. Cells were then fixed and stained with Brdu antibody or 4 0 ,6-diamidino-2-phenylindole dihydrochloride (DAPI) using Brdu labeling and detection kit I (Roche, Pensberg, Germany).
At least 500 cells were counted per group.
Cell motility assay
For wound-healing assay, cells were allowed to grow to full confluence. Wounds were made by scraping the monolayer of cells with a 200-ml tip. Cells were then washed with the culture medium three times and incubated for the indicated time before being photographed. Recovered wound area was For transwell migration assay, indicated cells were serum starved for 20 h, then 1.5 Â 10 4 cells in 100 ml serum-free RPMI-1640 culture medium were seeded into the upper well of the transwell chamber (Coring Incorporated, NY, USA; 8-mm pore size polycarbonate membrane, 6.5 mm diameter). An aliquot of 600 ml of culture medium supplemented with 10% FBS was added into the lower well of the chamber. After 24 h, cells in the upper well were removed with a cotton swab. Cells that migrated into the lower well were washed with phosphatebuffered saline (PBS), fixed in 3.7% paraformaldehyde at room temperature and stained by 0.2% crystal violet in 2% ethanol. Cells were photographed and counted under microscopy. The number of migrated cells was expressed as mean value±standard deviation (s.d.).
For in vitro invasion assay, the upper well of the transwell was coated with 50 ml (1 mg/ml) growth factor reduced Matrigel (BD Biosciences, San Jose, CA, USA). The Matrigel was allowed to harden at 37 1C in a 5% CO 2 incubator for 1 h before cells were added into the upper well. The rest of the assay was performed as described above (see migration assay).
Colony formation in soft agar
A portion of 2 ml of 0.5% agar (Sigma, St Louis, MO, USA) in RPMI-1640 medium supplemented with 10% FBS was added into 6-well plates and allowed to harden; 1 Â 10 4 cells in 2 ml of RPMI-1640 medium supplemented with 10% FBS and 0.25% agar were seeded on the polymerized agar. The cell solution was allowed to set for 30 min at room temperature before being moved into a 37 1C, 5% CO 2 incubator. Cell colonies (X50 cells) formed in soft agar were counted and photographed 10 days after inoculation. Ten fields were counted for each cell line.
In vivo tumorigenicity assay For each cell line, 6 Â 10 6 cells were resuspended in prewarmed PBS and inoculated subcutaneously into the left flank of each of the four nude mice. Tumor formation was monitored weekly by measuring the largest and the smallest diameter of the formed tumors, and the volume of the tumors was calculated using the following formula: volume ¼ 1/2 Â (largest diameter) Â (smallest diameter) 2 . The experiment was performed under the Institute's guidelines for animal experiments.
Microscopy and measurement of mean fluorescence intensity Cells were grown to similar confluence, and phase contrast photographs were taken for cell morphology. For staining stress fibers, cells were seeded onto glass coverslips. After 24 h, cells were washed with PBS, fixed with 3.7% paraformaldehyde, permeabilized with 0.1% Triton X-100 and blocked in 1% BSA for 1 h. Alexa fluo 488 phalloidin (Invitrogen) was used to stain F-actin. Nuclei were counterstained with DAPI. Images were photographed with a fluorescent confocal microscope (Leica TCS SP2, Germany).
Different groups of cells was photographed in the exactly same condition and analysed using the Leica TCS SP2 AOBS confocal system. Leica confocal software (LAS AS Lite) was used to quantify the MFI of F-actin in cells. At least 50 cells per group were measured.
RhoA, Cdc42 and Rac1 pull-down assay For pull-down assays, cells were lysed in CLB buffer (50 mM Tris, pH 7.4, 10 mM MgCl 2 , 500 mM NaCl, 2 mM Na 3 VO 4 1% NP-40, 10% Glycerol, 1 mM PMSF). Equal amounts of cell lysates were incubated at 4 1C for 1 h with 40 mg beads coupled GST-RBD recombinant protein (GST-fused to the RhoAbinding domain of Rhotekin) to pull down RhoA or 40 mg bead-coupled GST-PBD recombinant protein (GST fused to the Cdc42 and the Rac1-binding domain of PAK1) to pull down Cdc42 or Rac1. After the incubation, beads were washed three times with CLB buffer. Bound proteins were fractionated by 12% SDS-polyacrylamide gel electrophoresis and immunoblotted with antibodies against RhoA, Cdc42 or Rac1. For each group, active RhoA as a percentage of total RhoA was compared to that of control cells.
Statistical analysis
Autoradiographs and western blots were scanned using a GS-800 Calibrated Densitometer (Bio-Rad Laboratories Inc.) and the band density was quantified using Quantity One software (Bio-Rad Laboratories Inc.). Excel 2003 software (Microsoft Corp., Redmond, WA, USA) was used for statistical analysis. The data was presented as the mean value±s.d. The paired, two-tailed Student's t-test was used to analyse the significance of difference between groups. P value o0.05 was considered to be statistically significant.
For antibodies and reagents, plasmid construction, northern blot, western blot, cell transfection, and stable clones selection, detailed description is given in the Supplementary information.
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